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(54) Title: IMPLANTABLE DEVICE CONTAINING INHIBITOR OF MACROPHAGE MIGRATION INHIBITORY FACTOR 

(57) Abstract: The present invention provides an implantable device, particularly a stent, comprising: (i) a reservoir containing at 
least one MIF inhibitor; and (ii) means to release or elute the inhibitor from the reservoir. Also disclosed are methods of treatment 
of diseases associated with MW cytokine activity using the implantable device. 
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Implantable device containing inhibitor of macrophage 
migration inhibitory factor 

FIELD OF THE INVENTION 

. The present invention is generally concerned with the field of implantable medical devices , 
in particular it is concerned with the use of implantable medical devices in the treatment of 
diseases that can \>e treated by the inhibition of the cytokine or biological activity of 
5 macrophage migration inhibitory factor (MIF). 

BACKGROUND OF THE INVENTION 

Macrophage migration inhibitory factor (MLF) is the first identified soluble lymphokinc. MIF 
was first described as a soluble factor with the ability to modify the migration of 
macrophages (1). The molecule responsible for the biological actions ascribed to MLF was 

10 identified and cloned in 1989 (2). Initially found to activate macrophages at inflammatory 
sites, it has been shown to possess pluripotcntial actions in the immune system. MTF lias 
been shown to be expressed in human diseases which arc characterised by inflammation, 
injury, ischaemia, proliferation or malignancy. M1F also has a unique relationship with 
glucocorticoids in that MTF is induced by glucocorticoids but acts through overriding their 

15 anti*inflammatory effects. 

Recent studies have indicated that antagonism of MTF may be useful in the treatment of 
sepsis, certain types of cancers and proliferative diseases, and ir^ammatory diseases. 
Monoclonal antibody antagonism of MLF has been shown to have activity in adjuvant- or 
collagen-induced arthritis animal models, and other models of inflammatory and immune 
20 diseases, including vascular disease and ischaemia, have also been shown to be influenced 
byMlF. 

There is a broad spectrum of effects of MIF within the immune system, including actions in 
the regulation of innate and adaptive immunity. The absence of MIF or its blockade using 
antibodies is associated with suppression of the host animal's response to bacterial endotoxin 

25 and exotoxins (3). In view of the effects of MIF on flic immune system, systemic therapeutic 
antagonism of the biological or cytokine activity of MIF can also be hypothesised to have 
systemic inhibitory effects on the immune system of the host- This may be desirable in the 
case of systemic immune and mflammatory diseases. This may be undesirable/ in contrast in 
the case of diseases or conditions where the pathological activity of MIF is restricted to a 

30 local region such as a local lesion, tissue or organ. In addition, systemically administered 
drugs may not be able to reach sufficient concentrations in local or regional sites to achieve 
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the desired therapeutic effect (4). Moreover, in line with the generally accepted principle of 
using the minimum effective amount of any therapeutic agent, delivery of a MIF antagonist 
therapy to a local region would permit the use of lower total doses of MIF antagonist to 
achieve a desired effect compared to systemic administration. There exists a need, therefore, 
5 for therapeutic antagonism of MIF which can be delivered locally. 

One means by which the local inhibition of MIF can be effected is the use of implanted 
devices that would elute an inhibitor of the cytokine or biological activity of MIF. Implanted 
devices which clutc a pharmaceutical active are known in the art and are used to distribute 
the active either systemicaily, as is the case with implantable systemic drug delivery devices 

10 such as Implanon ®, or locally. There ore a variety of possible forms of such devices 
including: an implanted crystalline form of the active which releases the active by slow 
dissolution (for example crystalline corticosteroid preparations such as Depo-Medrol®); 
polymeric pellets impregnated with the pharmaceutical active; implantable pumps which 
distribute the active from a reservoir and vascular stents impregnated with the active (for 

15 example, Sirolimus-eluting coronary stents (4)), 

To dafce> there have been no examples of implanted devices that elute an inhibitor of the 
cytokine or biological activity of MIF. Although antibody antagonism of MIF is one potential 
way to provide therapeutic treatments, such biological molecules can be expensive to 
prepare on a commercial basis, are limited in the way they are administered (generally by 
20 injection), and do not readily lend themselves to formulations for administration by other 
means. Because of the specific physicochemical requirements for therapeutic actives 
delivered via implantable devices or similar means, these molecules may not be appropriate 
for local adnrurtistration into a lesion via an implanted device. 

Small molecule inhibitors may overcome one or more such difficulties connected with the 
25 use of biological therapeutic treatments. They can be formulated for delivery via devices 
such as implants or implanted devices. 

It has been suggested that atherosclerotic vascular disease is connected with the presence of 
MIF (5). Atherosclerotic vascular disease is associated with features of inflammation within 
atheromatous lesions in vessel walls/ and is a common cause of organ or tissue Lschaemia 
30 . and infarction. It is a disease predominantly associated with localised/ as opposed to 
systemic, activation of the immune system. 
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Atherosclerotic vascular disease, and vascular diseases generally, can result in the narrowing 
or blocking of affected vessels. A common existing treatment is flic insertion of vascular 
stents to maintain vessel diameter after dilation of the vessel by balloon angioplasty. 

Although stents can be used to restore function to a diseased vessel, they do not treat the 
underlying causes of a disease such as atherosclerotic vascular disease. For example, 
atherosclerotic vascular disease in the vessel at or distal to the stented area may limit blood 
flow in that vessel and result in ischaemia and/ or infarction of the vascular territory 
supplied by the stented vessel . 

Furthermore, over the course of time stents have a tendency to fail. Stent restenosis is a 
common reason for failure of stents, and is the result of the process of neo-tntimal 
hyperplasia (4). Neo-mtimal hyperplasia is known to be dependent on vascular cell 
proliferation, the local activation of leukocyte recruitment, and cell activation via pathways 
known as mitogen-activated protein (MAP) kinases (4). These processes are also observed in 
angiogencsis. 

In p^irticrular, studies suggest that stent restenosis is largely a result of vascular smooth 
muscle cell (VSMC) proliferation which is exaggerated after stent deployment due to the 
high-pressure technique of stent deployment 

It is therefore advantageous to use stents that are associated with positive impact on residual 
vascular disease in the treated vessel, such as atherosclerotic disease in the treated vessel, as . 
well as a reduction m the progress of nep-intimal hyperplasia. 

.MIF is known to be expressed in atheroma lesions, and is able to induce endothelial and 
macrophage cell activation in ways likely to be important in the development or persistence 
of atheroma (5). Limitation of the biological effects of MIF on cells which participate in the 
development or persistence of atheroma can therefore be hypothesised to be of benefit in the 
limitation of atheroma and atherosclerotic vascular disease. MIF is also known to contribute 
to acute atherosclerotic plaque rupture, such as is seen in critical iscbaemic events (6)* 

As the inventors have shown, MIF antagonism in ukro is indeed able to limit atheroma, 
consistent with a potential therapeutic effect on atherosclerotic vascular disease such as is 
seen in coronary and other vessels treated with stents. 

MIF is also known to induce all the phenomena associated with the neo-iiuimol hyperplasia 
seen in stent restenosis, including vascular cell proliferation (7, 8), leukocyte recruitment, 
and MAP kinase activation (9). Limitation of the inflammatory and proliferative effects of 
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MIF can therefore be hypothesised to be of benefit in conditions characterised by unwanted 
vascular proliferation or inflammation, such as in atheroma, atherosclerotic plaque rupture, 
or vascular stent restenosis. 

SUMMARY OF THE INVENTION 

5 The present inventors have found that that compounds of Formula I and II may inhibit the 
cytokine or biological activity of MIF. They have further found that compounds that act as 
MIF inhibitors are effective in the treatment uf atheroma and act to inhibit vascular smooth 
muscle cell proliferation. Such compounds may be usefully administered locally via 
implants or implanted devices* 

10 Accordingly, in a first aspect, the present invention provides an implantable device 
comprising: 

(i) a reservoir containing at least one MIF inhibitor; and 

(ii) means to release or elutc the mhibitor from the reservoir 

In a second aspect, the present invention provides a method for inhibiting the cytokine or 
15 biological activity of MIF in a subject comprising the step of implanting a device according to 
the first aspect in the subject. 

Preferably, the method is for inhibiting the cytokine or biological activity of MIF in a local 
region of the subject and the device is implanted within or proximate to the local region of 
the subject, 

20. In a third aspect, the present invention provides a method of treating, preventing or 

diagnosing a disease or condition wherein MIF cytokine activity is implicated comprising the 
step of implanting a device according to the first aspect in a subject in need thereof. 

Preferably, the disease or condition is confined to a local region of the subject and the device 
is implanted within or proximate to the local region. 

25 Tn a fourth aspect the present invention provides an angioplasty stent operably coated with 
a prophylactlcally effective dose of a composition comprising at least one MIF inhibitor. 

In a fifth aspect, the present invention provides a method for inhibiting the onset, of 
restenosis in a subject undergoing angioplasty, which comprises topically administering a 
stent according to the fourth aspect to the subject at around the time of the angioplasty. 
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In a sixth aspect, there is provided a method of reducing the severity of stent restenosis in the 
vicinity of a stent comprising the use of a stent according to the fourth aspect* 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows MIF mRNA expression as measured by RT-PCR in samples obtained from 
5 the aorta of Apo-E -/ - mice, as described. Lane 1 : size markers. Lane 2i 22 amplification cycle 
RT-PCR product from the aorta of a 12-wcek high fat diet-fed Apo-B mouse. Lane 3: 22 
amplification cycle PCR (ie no reverse transcription) product from the aorta of a 12-week 
high fat diet-fed Apo-E mouse. Lane 4: 25 amplification cycle RT-PCR product from the aorta 
of a 12-week high fat diet-fed Apo-E mouse. Lane 5: 25 amplification cycle PCR (ie no 
10 reverse transcription) product from the aorta of a 12-week high fat diet-fed Apo-E mouse. 
MIF mRNA expression was detectable in aortas of high fat diet-fed Apo-E -/- mice . 

Figure 2 shows the results of immunostaining for the expression of MTF protein in sections of 
aorta from Apo-E -/- mice fed a high fat diet. 

Figure 3 shows the effect of a compound of formula 111 15 mg/kg/day, administered in 
15 once-daily doses by oral gavage, on atheroma lesion area as measured by Oil Red-O staining. 
Ill treatment was associated with a significant reduction in lesion area (*p = 0.002). 

Figure 4 shows the effect of a compound of formula III 15 mg/kg/day, administered in 
once-daily doses by oral gavage, ori atheroma lesion severity as measured by macrophage 
infiltration, as analysed by anti-CD68 mAb rnimunoWstochemical staining. CD68 is a marker 
20 specific for macrophages. Ill treatment was associated with a significant reduction in lesion 
macrophage numbers (p=0.022). 

Figure 5 shows an analysis of plasma cholesterol in ApoE -/- mice prior to being fed high fat 
diet (TO) or after 8 weeks of high fat diet plus either vehicle or a compound of formula in 15 
mg/kg/day adiniriistered by once daily oral gavage. Increased plasma cholesterol was 
25 observed in response to high fat diet, with no significant difference between vehicle treated 
mice arid mice treated with a compound of formula III. 

Figure 6 shows the effects of scrum on the proliferation of murine vascular smooth muscle 
cells (VSMC) measured using CellTiterGlo and expressed as relative luminescence units 
(RLU). Treatment of vascular smooth muscle cells with 10% FBS induced a significant 
30 increase in total cellular ATP pool levels as determined by the increase in RLU value relative 
to0.5%FBS(P<0.001). 



WO 2005/058304 



PCT/AU2004/001778 



6. 

Figure 7 shows the effects of recombinant human MTF on the proliferation of murine 
vascutar smooth muscle cells (VSMC) measured using CeliTiterGio and expressed as relative 
luminescence units (RLU). MIF induced a significant increase in VSMC proliferation 
(*P<0.02, *P<0.01) relative to untreated cells. 

5 Figure 8 shows the concentration of MIF in conditioned medium from cultures of murine 

vascular smooth muscle cells, MIF is produced by murine vascular smooth muscle cells with 
significantly greater MTR production by cells cultured in 10% FBS. 

Figure 9 shows the effects of pentyl 2^OT-2,3-dihydro-lH-l>ben^ 
on the proliferation of murine vascular smooth muscle cells (VSMC) cultured in 10% FBS, 
10 measured using CeliTiterGio and expressed as relative luminescence units (RLU). Compared 
to control-treated celLs, pentyl 2-oxo-2,3-dihydro-l H-l ^benzimidazole-5-carboxylate 
induced a significant, dose-dependent decrease in VSMC proliferation <*P<0.05). This effect 
approached the effect of culturing cells in 03% FBS, as shown. 

Figure 10 shOWS the effects Of 2-OxO^N-pcntyl^ J 3-dihydrrHl H-1 , i m »j* yrd^p- 

15 sulfonamide on the proliferation of murine vascular smooth muscle cells (V5MQ cultured in 
10% FBS, measured using CeliTiterGio and expressed as relative luminescence unite (RLU). 
Compared to control-treated cells, 2^xo-N-p€^tyl-2>^ihydtx>-lH-l^ 
sulfonamide induced a significant, dose-dependent decrease in VSMC proliferation 
C*F<0.05). This effect approached tfie effect of culturing colls in 0.5% FBS, as shown. 

20 Figure 11 shows the release of pentyl 2^xo-2,3-dihydro-l ^-^n^rni^^U^r^rhrtxyiai^ 
from a phosphorylcholinc coated coronary stent, into phosphate buffered saline solution (3.0 
ml) at room temperature. Absorbance measurements were made at 287 rim and converted to 
concentrations with a standard curve of absorbance versus concentration using phosphate 
buffered saline as a reference. The time required to release 95% of the material from the stent 

25 was 94 minutes. 

Figure 12 shows the release of 2^xo-N-pentyl-2^-dihydro-lH-1 ^berizimidazole-5- 
sulfonamide from a phosphorylcholine coated coronary stent, into phosphate buffered saline 
solution (2,8 ml) at room temperature, Absorbance measurements were made at 266 nm and 
converted to concentrations with a standard curve of absorbance versus concentration using 
30 phosphate buffered saline as a reference. The time required to release 95% of the material 
from the stent was 91 minutes. 
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DETAILED DESCRIPTION OF THE INVENTION 

Tn a first aspect, the present invention provides an implantable device comprising: 

(i) a reservoir containing at least one MTF inhibitor; and 

(ii) means to release or elute the inhibitor from the reservoir. 

5 The term "reservoir" Includes any means by which the MTF inhibitor is incorporated into the 
implantable device so that it can be released or eluted. It includes, but is not limited to, 
implanted crystalline forms of the MTF inhibitor, impregnation of the MIF inhibitor into 
polymeric pellets, reservoirs contained in implantable pumps, and coating or impregnating 
the MTF inhibitor onto or into the surface of the device. 

10 The "means to release or elute the inhibitor" includes, but is not limited to, mechanisms such 
as implantable pumps and biodegradable polymers. Also contemplated is simple exposure 
of the MIF inhibitor to the physiological environment such as occurs with implanted 
crystalline forms of the active where the active is released by slow dissolution. The person 
skilled in the art would be aware of* many possible means by which the MIF inhibitor may be 

15 released or eluted from the device. 

As used herein the term "MIF inhibitor" means a compound of the general formula (I) or (TT), 
or a pharmaceuticalty acceptable salt or prodrug thereof; 




I 

wherein 

25 Xb selected from -O-, -S-, -C(Rs)CRy)- or -N(R*)- and preferably comprises a hydrogen bond 
donor or acceptor; 
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Y is selected from -N(R 7 )-> -O, -S- or -C(R 7 >2~; 

Z is selected from -C(0)-, -C(S) 7 -C^NRab -S<0)- or -S(0) 2 -; 

R, is selected from hydrogen, Ci^alfcyl, (CTsR^ORr,. (CR^Rs^SRy, (CR^R^nNCR*):* and 
(CR^Rskhalo; 

5 R2 is selected from Ci-Qi>alkyl, Cr^2oalkcnyl, C 2 <: 20 edkyny1, (CRizRi«)»C(0)fla, 

(CRuRiiOmCCSJRs, (CRuRisr^O)!^ (CRi2Kn)mS(0) 2 R8, (CR^R^CR*, (CR 12 R l2 ) ra SR9, 
(CRi^RizOuJNRioRii, (CRi 2 R l2 )„ 1 C(=NR 2 <)R 2 2 and (CR^R^mRia; 

R3 is selected from hydrogen, CrC 6 alkyl, (CRi fi R 16 ') F NRi4Ris/ (CR 16 Ri 6 )pORi7y (CR| 6 Ri60pSR 17 , 
(CRiaRi^phalo, (CRwR^pNO^ (CBiJljdkC(0)R» (CR^w^Q^NKaOR^ (CRi 6 Ri 6 )nS(0)Rj7 / 
10 (CRi 6 Ri6)nS(Q)2Ri7, (CRi^RtrfnS^aRty and (CRwRi^pCO*,*)^ 

R4 is selected from hydrogen, halogen CrC 3 alkyl, Ca-aalkenyl, C 2 -:>alkynyi and 
(CR^R^nCCRw)^ 

Bach R5 and Rg- id independently selected from hydrogen, Q-Qalfylr halo, OR 7 , SR 7 and 
NKRfite 

15 Each R* is independently selected from hydrogen, Q-Qalkyl and OR 7 ; 
Each R 7 is independently selected from hydrogen and Ci-CaalkyI; 

R» is selected from hydrogen, Ci-Qoalkyl, Ci-C^lkenyl, Cz-Caialkyrryl, OR19, SR 19 , N^o)* 
[NH^HO^iiJ-CfOJJtj-ORM, [sugar j q and (CRi^irJtRitf 

R9 is selected from hydrogen, Ci-C^alkyl, C2-C2oalkenyl y Q-C^lkynyl, (CRi 2 Riy)tR 13 , 
20 C(0)R2^ CQ2R23, C(S)R 23/ C(S)QRoa, 5(0)Ra.v S(0) 2 R^ [C^CHCRaONHl^K^ and TstigarJ^; 

Rt U and R n are independently selected from hydrogen, Ci^Qajalkyl, Q-C^olkenyl, 
C 2 -C 20 aHcynyl, (CRulMmKi* QOJRas, QSJRaa, S(0)Raa, S(0) 2 R2a, IC(0)CH(R 2 i)NH] H -R^ - 
[sugarlq and NHC(=NR Z ^)-NH 2 ; 

Each R12 and &12 is independently selected from hydrogen, Q -Chalky!, Ci-Qalkenyl, 
25 C 2 -C^allqmyl / OR tA , SR 24/ halo, N^)^ COtRla, CN, NO* aryl or heterocyclyl; 

Ria is selected from OR^s, SRjs, Halo, N(Ros)2, C(0)R^i, CN, C(Ri 8 )a, aryl or heterocyclyl; 

R, 4 and Rt«> are independently selected from hydrogen, Q-Qjalkyl, OR 17/ (CRif*RuO P C(Rtfl)3; 
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Each R w and Ri 6 - is independently selected from hydrogen, d^alkyl, halo, OR17, SR J7 and 
N{R 17 ) 2 ; 

Each R17 is independently selected from hydrogen and CpCgalkyt; 

Each Rw is independently selected from hydrogen and halo; 

5 R19 and each R^ are independently selected from hydrogen, d<*oalkyl/ Q-C^lkenyl, 
C 2 <:2Dalkynyl / (CR2hR26')ifi27; 

Rsx is the characterising group of an amino acid; 

Rsi is selected from d-dalkyl, MH^ NH(d-ealkyl)/ N(d «atkyi)^ OK» or SRa>; 

Ra* is selected from hydrogen, d-d*alkyl, d-doalkenyl, C 2 -C 3 o3llcynyl / aryl (CR^^R^; 

10 Each Rz* is independently selected from hydrogen and Q-QaTkyl; 

Each Rzs is independently selected from hydrogen, d-Qalkyl, d-aalkoxyd-^alkyl, aryl and 
heterocyclyl; 

Each R 2 6 and R^ is independently selected from hydxogen / Ci-Qfllkyl, d<^alkenyl, 
Ca-Qalkynyl, OR Z9 , SR&, halo, N^R^ CQjRz*, CN, NOz, aryl and heterocyclyl; 

15 R27 is selected from hydrogen, ORao, SR30, halo, N(Roj)v COzKhh, aryl and heterocyclyl; 

Rss is selected from hydrogen, d^alkyl, OR&, SR^ or N^fe 

Each Raa is independently selected from hydrogen and d-Qalkyl; 

Each R3», is independently selected from hydrogen, d-dalkyl, aryl and heterocyclyl; 

Rai is selected from d-*aiJcyl, OH, d-salkoxy, aryl, aryloxy, heterocyclyl and heteiocyclyloxy; 
20 n is 0 or an integer from 1 to 3; 

m Is 0 or an integer from 1 to 20; 

p is 0 or an integer from 1 to 6; 

q is an integer from 1 to 5; 

t is an integer from 1 to 10; 
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wherein alkyl, alkenyL alkynyl, aryl and heterocyclyl may be optionally substituted; 




wherein 

YisO,NR 9 or 5(0\, 

Ki is selected from hydrogen, C w alkyl, -(CRmRu^nhalo, -(CRioRi^ORii, -(CRi 0 Rur)n-SRu, - 
(CRioRi^N^^ay -(CR l0 Rio0«S(O)R lu -(CR l0 R 10 )»S(0> 2 Rii, -(CRioRtoVS(0)3Rii, - 
(C^ 10 R ltf ) A C(O)R 1Br ^CR 10 Rui')„<:(=NRi4)Ri5 or -(CRioRioOnRi*; 

R* is selected from hydrogen, Ci-zi>alkyl, Q^oalkcinyl, CMoalkynyl, -(CRioRt^OR^ 
-(CR,oRi(r)mSRi7, -(CRioRxo^NR^R,^ -(CRioRio^mS^R^ -(CRwRw^O)^^ 
-(CRioRio-JmCCOR^ -(CRiGRitr)mC(S)R20/ -(CRi(^)mC(=NR tl )R 15 or -(CR w R Hr )mRi*; 

Ka, R* and R5 are independently selected from hydrogen, Ci^alkyl, KCRioRio')nN(Ri 4 )2/ 
-(CRxoRi^nORw -(CRioRi*)nSRu or -(CRiaRi^alo; 

R 6 selected from hydrogen, Ct^alkyl, -C(0)Ci^alkyl, -C(0)N(R*)2-, -C(S)N(Ro)ar ox 
-(CRioRio-)hR2i/ or R*Y and R6 together may form -X^CH^-Z-, where X and Z may be 
independently selected from O, S or NR14; 

R 7 and R« are independently selected from hydrogen, Cwalkyl, Cz-^alkenyl, G 2 ^alfcynyl or 
-(CRioRioOnRzz; 

Each R* is independently selected from hydrogen or Chalky!; 



Each Rio and R w is independently selected from hydrogen, C^aHcyl, C^alkenyl, Ci^alkynyi, 
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halogen, ORn, SRu, Cu^alkoxy, C0 2 Ri4, N(R M ) 3/ CN, NO*, aryl or heterocyclyl; 
Rn is hydrogen or Ci^aBcyl; 

Each Ru is tndependently selected from hydrogen, Q^lkyl, C(=JS!R 14 )R 15 , NH-C(=NRi 4 )Ri5/ 
C(0)R 14 orC(S)Ri4; 

R,* is hydrogen, Ci. 6 attcyl, ORi*, SR 14 or N(R J4 )2; 

Each R14 is independently selected from hydrogen or Ci^alkyl; 

Ri 5 is C^allcyl, NH2, NH(Ci. 3 alkyl) or N^t^yl)*, OR*, or 

R 16 is hydroxy, Ci&Xkoxy, SH, SCi-^alkyi, halo, C(0)R 3 v C(R 24 )a, CM, aryl or heterocyclyl; 

R17 is selected from hydrogen, Ci_2oalkyl, Q.ioalkcnyl, Q^llqrnyl, (CR^^)^, C(0)R2&, 
CQzRis, C(S)R25/ C(S)OR^ SfOJR^, S(0} 2 Rz5, [C(0)CH(R2 9 )NHJ T -Rz3 or [sugark 

Ris and R19 are independently selected from hydrogen, Q. 20 a1kyl, Ca-aialkenyl, Q-^alkynyl, 
(CR^R26.)JR27, CCOJRzs, C(S)R*, S(0)R2s, S(0) 2 Rts, IC(0)CH(R 29 )NHI T ^, [sugar],, 
C(=MR23)NH 2 or NH-C(=NRas)NH^ 

R20 is selected from hydrogen, Chalky], C^oalkenyl, C^cialkynyl, OR», SR^ N(R 2 b)^ [NH- 
CHRwC^l.ORas, Fsugar] r/ or {CRuR^Jfa; 

Rat is ORitf, SR28/ halo or NCR^)^ 

R22 is halo, COzH, SO3H, NO* NH2, GOaC^ialkyl, SOaC^alkyl or QR*,)*; 
R23 is hydrogen or d^alkyl; 

Each R 24 is independently selected from hydrogen, CI or F; 

Each R25 is Independently selected from hydrogen, C 1 . 20 alkyl / C^oalkenyl, Q.^alkynyl, aryl 

Or(CR26R2A') 5 R27; 

Each R26 and R 26 . is Independendy selected from hydrogen, d. 6 alkyl, Gz^aDoenyl, C 2 «alkynyl, 
halogen, hydroxy, C^alkoxy, 5H, C^alkylfldo, C0 2 H, COzCi ^alkyl, NH* NH(C w alkyl), 
M(Ci-3alkyl)2/ CN, NO* aryl or heteroaryl; 

R27 is hydroxy, Qwalfcoxy, SH, SC^alkyl, halo, NH* NH(C V3 alkyl), N(Ci^alkyl) 2/ C(0)R*, 
aryl or heterocyclyl; 
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Bach Ras is independently selected from hydrogen d sualkyl, Q.joalkenyl, C 2 -2oalkynyl or 
(CRs^Ra^ftRso; 

is the characterising group of an amino acid; 

Rso is halogen, hydroxy, Q^alkoxy, NH* NH(Cu*dkyl), N(C«aIkyl)2, C(0)K3,, aryl or 
5 heterocyclyl; 

K31 is Q^alkyl, OH, d-^alkoxy, aryl, aryloxy, heterocyclyl or heterocyclyloxy; 
q is 0,1,2 or 3; 
n is 0,1, 2 or 3; 
m is 0 or 1 to 20; 
10 r is 1 to 5; 

3 is 1 to 10; and 
t is 1 or 2; 

wherein an alkyl, alkenyl> alkynyl, alkyloxy, aryl or heterocyclyl group may be optionally 
substituted one or more times. 

15 The present inventors have shown in PCT/AU02/00717 that compounds of general formula 
T are inhibitors of the cytokine or biological activity of MIF. The present inventors have also 
shown in PCT/AU02/00716 that compounds of general formula II arc inhibitors of the 
cytokine or biological activity of MEF, 

in a second aspect, the present invention provides a method for inhibiting the cytokine or 
20 biological activity of MIF in a subject comprising the step of implanting a device according to 
the first aspect in the subject. 

Frcferably, the method is for inhibiting; the cytokine or biological activity of MIF in a local 
region of the subject and the device is implanted within or proximate to the local region of 
the subject. 

25 lna third aspect, the present invention provides a method of treating, preventing or 

diagnosing a disease or condition wherein MIF cytokine activity is implicated comprising the 
step of implanting a device according to the first aspect in a subject in need thereof. 
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Preferably, the disease or condition is confined to a local region of the subject and the device 
is implanted within or proximate to the local region. 

Preferably the disease or condition is selected from autoimmune diseases, diseases 
characterised by cell proliferation, solid or haemopoeitic tumours, or chronic or acute 
5 inflammatory diseases, including a disease or condition selected from the group comprising: 

Vascular diseases (including but not limited to neointimal hyperplasia, vascular stent 
restenosis, neo-angiogenesis, diabetic retinopathy), atherosclerosis (eg ischaemic 
heart disease, myocardial infarction, cerebrovascular disease, stroke, peripheral 
vascular disease, atherosclerotic plaque rupture), rheumatic diseases (including but 

10 not limited to rheumatoid arthritis, osteoarthritis, psoriatic arlnriris, polymyalgia 

rheutnatica) spondyloarthropathies (including but not limited to ankylosing 
spondy litis, reactive arthritis, Reiter's syndrome), crystal arthropathies (including but 
not limited to gout, pseudogoufr, calcium pyrophosphate deposition disease), Lyme 
disease, connective tissue diseases (including but not limited to systemic lupus 

15 erythematosus, systemic sclerosis, polymyositis, dermatomyositis, Sjogren's 

syndrome), vasculiudes (including but not limited to polyarteritis nodosa, Wegener's 
granulomatosis, Churg-Strauss syndrome), glomerulonephritis, interstitial nephritis, 
inflammatory bowel disease (including but not limited to ulcerative colitis, Crohn's 
disease), peptic ulceration, gastritis, oesophagitis, liver disease (including but not 

20 limited to cirrhosis, hepatitis), autoimmune diseases (including but not limited to 

diabetes mcllitus, thyroiditis, myasthenia gravis, sclerosing cholangitis, primary 
biliary cirrhosis), pulmonary diseases (including but not limited to diffuse interstitial 
lung diseases, pneumoconioses, fibrosing alveolitis, asthma, bronchitis,, 
bronchiectasis, chronic obstructive pulmonary disease, adult respiratory distress 

25 syndrome), cancers whether primary or metastatic (including but not limited to colon 

cancer, lymphoma, lung cancer, melanoma, prostate cancer, breast cancer, stomach 
cancer, leukemia, cervical cancer, multiple myeloma and metastatic cancer), disorders 
of the hypothalannic-pituitary-adrenal axis, brain disorders (eg dementia, Alzheimer's 
disease, multiple sclerosis, demyelinating diseases), corneal disease, iritis, . 

30 iridocyclitis, cataracts, uveitis,, sarcoidosis, diseases characterised by modified 

angiogenesis (eg diabetic retinopathy, rheumatoid arthritis, cancer), endometrial 
function (menstruation/ implantation, parturition, endometriosis), psoriasis, 
endotoxic (septic) shock, exotoxic (septic) shock, infective (true septic) shock, other 
complications of infection, pelvic inflammatory disease, transplant refection, allergies, 

35 allergic rhinitis, bone diseases (eg osteoporosis, Paget's disease), atopic dermatitis, 
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U V(B)-induced dermal cell activation (eg sunburn, skin cancer), malarial 
complications, diabetes mellitus, pain, inflammatory consequences of trauma or 
ischaemia, testicular dysfunctions and wound healing. 

More preferably, the disease or condition is selected from autoimmune diseases, diseases 
characterised by cell proliferation, solid or haemopoeitic tumours, or chronic or acute 
inflammatory- diseases, including a disease or condition selected from the group comprising: 

Vascular diseases (including but not limited to neointimai hyperplasia, vascular stent 
restenosis, nco-angiogenesis, diabetic retinopathy), atherosclerosis (eg ischaemic 
heart disease, myocardial infarction, cerebrovascular disease, stroke, peripheral 
vascular disease, atherosclerotic plaque rupture), rheumatic diseases (including but 
not limited to rheumatoid arthritis, osteoarthritis, psoriatic arthritis) inflammatory 
bowel disease (including but not limited to ulcerative colitis, Crohn's disease), peptic 
ulceration, gastritis, oesophagitis, liver disease (including but not limited to cirrhosis, 
hepatitis), pulmonary diseases (including but not limited to diffuse interstitial lung 
diseases, pneumoconioses, fibrosing alveolitis, asthma, bronchitis, bronchiectasis, 
chronic obstructive pulmonary disease, adult respiratory distress syndrome), cancers 
whether primary or metastatic (including but not limited to colon cancer, lymphoma, 
lung cancer, melanoma, prostate cancer, breast cancer, stomach cancer, leukemia, 
cervical cancer, multiple myeloma and metastatic cancer), corneal disease, iritis, 
iridocyclitis, cataracts, uveitis, sarcoidosis, diseases characterised by modlibsd 
angiogenesis (eg diabetic retinopathy, rheumatoid arthritis, cancer), endometrial 
function (menstruation, implantation, parturition, endometriosis), psoriasis, pelvic 
inflammatory disease, transplant refection, allergies, allergic rhinitis, atopic 
dermatitis, UV(B)-induced dermal cell activation (eg sunburn/ skin cancer), pain, 
inflammatory consequences of trauma or ischaemia, and wound heating. 

Yet more preferably, the disease is selected from autoimmune diseases, diseases 
characterised by cell proliferation, solid or haemopoeitic tumours, or chronic or acute . 
mflammatory diseases, including a disease or condition selected from the group comprising! 

Vascular diseases (including but not limited to neointimai hyperplasia, vascular stent 
restenosis, neo-angiogenesis, diabetic retinopathy), atherosclerosis (eg ischaemic 
heart disease, myocardial infarction, cerebrovascular disease, stroke, peripheral 
vascular disease, atherosclerotic plaque rupture), rheumatic diseases (including but 
not limited to rheumatoid arthritis, osteoarthritis, psoriatic arthritis) inflarnmatory 
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bowel disease (including but not limited to ulcerative colitis, Crohn's disease), 
pulmonary cUseases (including but not Urn 

asthma, bronchitis, bronchiectasis, chtxmic obstructive pulmonary disease,), corneal 
disease/ iritis, iridocyclitis, diseases characterised by modified angiogenesis (eg 
5 diabetic retinopathy, rheumatoid arthritis, cancer), endometrial function 

(menstruation, parturition, endometriosis), psoriasis, pelvic inflammatory disease, 
transplant rejection, allergies, allergic rhinitis, atopic dermatitis, UV(B)-induced 
dermal cell activation (eg sunburn, skin cancer), pain, inflammatory consequences of 
trauma or ischaemia, and wound healing. 

10 Even more preferably, the disease or condition is selected from autoimmune diseases/ 
diseases characterised by cell proliferation, or chronic or acute inflammatory diseases, 
including a disease or condition selected from the group comprising: 

Vascular diseases (including but not limited to neointimal hyperplasia, vascular stent 
restenosis, neo-angiogenesis, diabetic retinopathy), amexc^erosis (eg ischaemic 
15 heart disease, myocardial infarction, cerebrovascular disease, stroke, peripheral 

vascular disease, atherosclerotic plaque rupture), rheumatic diseases (including but 
not limited to rheumatoid arthritis, osteoarthritis, psoriatic arthritis) inflammatory 
bowel disease (inciuding but not limited to ulcerative colitis, Crohn's disease), pain, 
and wound healing. 

20 The inventors have shown that compounds that act as MTF inhibitors arc effective in the 

treatment of atheroma. It will be appreciated by those skilled in the art that demonstration of 
a beneficial effect of a MTF antagonist on the biological processes operative in atheroma may 
be consistent with a possible beneficial effect on other vascular diseases characterised by 
similar cellular processes, or are influenced by the presence of atheroma, such as stent 

25 restenosis. 

Accordingly, in a third aspect, the present invention provides a method of treating, 
preventing or diagnosing a disease or condition wherein M1F cytokine activity is implicated 
comprising the step of implanting a device according to the first aspect in a subject in need 
thereof. 

30 Preferably, the disease or condition is confined to a local region of the subject and the device 
is implanted within or proximate to the local region. 
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In an alternative embodiment the disease or condition is a systemic disease or condition, in 
this embodiment, the implantable device is used to administer the MOP inhibitor 
systemtcally- 

In a fourth aspect the present invention provides an angioplasty stent operably coated with 
5 a prophylactically effective dose of a composition comprising at least one MTP inhibitor. 

The term "prcphylatically effective dose" means an amount sufficient to inhibit or prevent 
the onset of restensosis in the vicinity of the stent. 

Angioplasty stents, also known by other terms such as "intravascular stents" or simple 
"stunts 1 / are well known in the art. They arc routinely -used to prevent vascular closure due 
10 to physical anomalies such as unwanted inward growth of vascular tissue due to surgical 
trauma. They often have a tubular, expanding lattice-type structure appropriate for their 
function, and can optionally be biodegradable. 

In this invention, the stunt can be operably coated with at least one MTP inhibitor using any 
suitable means known in the art* Here, "operably coating" a stent means coating it in a way 
15 that permits the timely release of the MIF inhibitor(s) into the surrounding tissue to be 

treated once the coated stent is administered. Such coating methods, for example, can use 
the polymer polypyrrole or phosphorylcholinc. 

In a fifth aspect, the present invention provides a method for inhibiting the onset of 
restenosis in a subject undergoing angioplasty, which comprises topically administering a 
20 stent according to the fourth aspect to the subject at around the time of the angioplasty . 

As used herein, administration "at around the time of angioplasty" can be performed during 
the procedure, or immediately before or after the procedure* The administering can be 
performed according to known methods such as catheter delivery . 

In a sixth aspect, there is provided a method of reducing the severity of stent restenosis in the 
25 vicinity of a stent comprising the use of a stent according to the fifth aspect. 

•Ihe construction of stents that release or etutc a pharmaceutical active is known to those 
skilled in the art. The standard approach is to use current highly refined metallic stent 
designs with polymer materials that release the active to a controlled manner. Several 
polymer materials have been used for the coating of stents to permit the elution of drugs. 
30 These include biocrodible polymers such as poly-L lactic acid, biostable polymers such as 
polyurefhane derivatives and slilicone-bascd polymers, as well as hydrogels. It will be 
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recognised by those skilled in the art that the function of a drug-eluting stent requires the 
drug to be bound to the stent or its polymer or other coating in such a way as to allow steady 
release of drug over a period of time, and that the drug is able to be locally absorbed into 
cells in the vessel and stent lumen. The optimum stent coating material and delivery 
5 parameters vary according to the tissue retention of the drug, such that rapid release of a 
tissue-retained drug can have long lasting effects, whereas a drug retained in tissues for a 
shorter time would need to be released over a longer period. A person skilled m the art 
would be able to select appropriate materials and conformations of stent for a particular 
purpose and particular small molecule inhibitor. 

10 Examples of commercially available stents which may be adapted by a person skilled in the 
art for use in the present invention include: 

Cypher® Sirolimus-eluting Stent (Cordis) 

TAXUS™ Express2™ Tacrolimus eluting stent (Boston Scientific Corporation) 
Express2 bare metal stent (Boston Scientific Corporation) 
15 Medtronic® Vascular S660 Coronary Stent (Medtronic) 

Aspire® Covered Stent (Vascular Architects, inc) 

COSTAR® (cobalt chromium paclitaxel drug eluting stent (BIOTRON1K AC) 
Dexamet® (Abbott) 

BlodivYsio coronary stent (Abbott/Biocompatibles) 
20 SCJMEOS> RADIUS Coronary Stent 

NlRflcx™ Pre-Mounted Coronary Stent (Mcdinol Ltd) 
BeStent™ 2 (Medtronic) 

MULTI-LINK VISION™ RX & OTW Coronary Stent System (Cuidant Corporation) 
ACCULEvIK™ Carotid Stent System (Guidant Corporation) 



25 



S.M.A«R»T.™ Nitinol Stent System (Cordis) 
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In order that the nature of the present invention may be more clearly understood, preferred 
forms thereof will now be described with reference to the following non-limiting examples. 

EXAMPLES 

EXAMPLE 1 

Experiments were carried out using pontyl 2^x^3-dmydro-lH-13-berizrmidazole-5- 
carboxylate, the compound of formula TTT- 




m 

METHODS 

C57BL/6J mice homozygous for the disrupted ApoE gene {ApoE-/-) were obtained from 
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Jackson Laboratories. They were maintained under standard conditions with food and water 
available ad fflitom 8 weeks of age. All male mice were then used in the studies from 8-20 
weeks of age. From 8 weeks of age the mice were fed a Western diet adMftzim, also known 
as "High Fat Diet" (HFD) comprising of 21% butter, 0.15% cholesterol (obtained from 
5 Specialty Feeds). 

m was dissolved in a vehicle comprised of 75ul of Dtaethyi Sulfoxide (DMSO) and 25ul 
vegetable oil. HI (15 mg/kg/day) or vehicle were administered daily by oral gavage to 
ApoE-/- mice fed a high fat diet. Treatment was commenced when the mice reached 8 weeks 
of age and continued until 16 weeks of age. At this point mice were killed, peripheral blood 
10 collected for analysis of cholesterol concentration, and the aorta collected for morphological 
studies on atherosclerotic lesions. 

The thoracic aorta was dissected from the mice and the most proximal segment containing 
the aortic valve specifically analysed. Tissues for RNA analysis were snap frozen in liquid 
nitrogen and stored at - 80°C. Tissues for morphology and immunohistochemistry were 
15 frozen in compound embedding medium OCT, and the embedded tissue was stored at - 
80*C. 

RNA was extracted from tissue samples pooled from 2-4 mice using Solution D (comprising 
25g Guanidine, 29ml KNase free water, 1.95 ml Sodium citrate, and 2.64 ml 10% Sarkosyi). 
The presence of MIF mRNA in the atherosclerotic lesion was assessed using RT-PCR 

20 (In vitrogen one step RT-PCR kit), The RT-PCR reactions were carried out in a 25ul volume 
emtairung: 12.5 2X reaction mix, and lul of primer mix for a final concentration of 0.2pM, 
0.5ul of RT platinum Taq mix, l\d of RNA sample and lOul of KNase free H2Q. RT-PCR was 
also used to assess GAPDH mRNA expression in the total RNA samples. Control reactions 
included those in which no reverse transcription was performed on the RNA samples. 

25 Primers used were as follows: MTF: Sense: 5' CAG CGC GCT TTG TAG CGT CCT C 3'; anti- 
sense: 5' CGT TGG CAG CGT TCA TGT CGT AAT AGT T 3' GAPDH; Sense 5' ATG TIT 
GTG ATG GCT GTG AAC CAG G 3'; anti-sense: 5'TAG CCA TAT TCA TIC TCA TAC CAG 
G 3\ The PCR products were resolved by agarose gel electrophoresis with £cX174/Haem 
(Promega) as size standards. cDNA fragments were visualized under UV light and 

30 photographed. 

Frozen tissue was cut at 6pm -using a Leica Cryostat, and collected on Super Frost Plus slides 
(Menzel Glaser). Hie lipid content of the atherosclerotic lesions, and their size, was assessed 
by CHI Red-O staining, counterstained with Meyer's hematoxylin, lmmunohisiochemical 
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techniques were used to identify MIF, and macrophage and T cell markers, in aortic lcstoas. 
RESULTS 

ApoE -/- mice fed a HFD developed significant atherosderotic vascular disease, 
characterised by lesions with substantial Oil Red^O staining, and macrophage and T cell 
5 infiltrate. 

In order to verify that MIF was present in mouse atheroma, semi-quantitative RT-PCR was 
performed on samples from ApoE -/- mice exposed to high fat diet but not treated with III 
or vehicle, The PGR product was run on a 2% agarose gel and the results are shown in Figure 
1 . Figure 1 shows that MIF mRNA is expressed in the aorta of mice with atheromatous 
10 lesions. 

MIF expression in lesions of mice fed HFD was confirmed using immunohistochemistry . 
MTF immunostaining was significantly increased at times points after 4 week HFD treatment 
(Figure 2) (p < 0.001). These data show that an increase in aortic MIF expression is associated 
with atheroma development and progression. Tt will be appreciated by those skilled in the 
15 art that expression of MIF within these vascular lesions is consistent with the hypothesis that 
suppression of MIF could exert a beneficial effect on these lesions. 

Sections were collected from mice treated with HI 15 mg/kg/24h from week 8-16 by once 
daily oral gavage, and stained with Oil Red-O to determine lesion size. As shown in Figure 3, 
the measured total lesion area in Ill-treated mice was significantly lower them those treated 
20 with MIF vehicle (p = 0.002). It will be appreciated by those skilled in the art that the effect of 
MTF antagonism was statistically significant and of a substantial magnitude, consistent with 
a beneficial effect of III on the prevention of atheroma. 

Atheroma lesion severity was further analysed by analysis of macrophage numbers. 
Macrophage staining in atheroma lesions was determined using CD6S, as shown in Figure 4. 
25 The mean CD68+ cell count in atheroma lesions was significantly lower in mice receiving III 
15 mg/kg/24h from week 8-16 by once daily oral gavage (p=G\022). It will be appreciated by 
those skilled in the art that the effect of MIF antagonism was statistically significant, and of a 
substantial magnitude, consistent with a beneficial effect of HI on the prevention of 
atheroma. 



30 



To ensure that the effects of III were not due to effects on plasma cholesterol, plasma 
cholesterol levels were measured and are shown in Figure 5. No effect on plasma cholesterol 
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was observed with HI adinlnistration at the dose used to exert an inhibitory effect on 
atheroma progression. 

EXAMPLE 2 

Studies suggest that stent restenosis is largely a result of vascular smooth muscle cell 
(V5MC) proliferation, which is exaggerated after stent deployment due to the high pressure 
technique of stent deployment. The study reported below was conducted in order to assess 
the effects of MIF and of MTF inhibitors on the proliferation of vascular smooth muscle cells. 

Example 2(a) ^ 

MIF-induced mouse vascular smooth muscle cell proliferation 
Methods 

The effects of ML? treatment on the survival and proliferation of primary mouse vascular 
smooth muscle cells (VSMC) were tested. These cells were isolated from mouse aortas using 
standard techniques [Ray JL, Leach R, Herbert J-M, Bcnsons M "Isolation of smooth muscle 
cells from a single murine aorta" Methods in Cell Science 23, 185-188, 20021. Briefly, mouse 
aortae were collected, cleaned of fat and adventiria, and cut into small (approximately 1mm 
square) pieces. Pieces were placed into 300ui of enzyme solution, prepared by dissolving 11 
mg of type H collagcnase and 2.75 mg elastase in 5.5 ml of Diilbecco's modified Eagle's 
medium (DMEM), and incubated for 4-6 hours at 37°C with gentle shaking. Cell suspensions 
were washed in medium and cells plated onto 30 mm tissue culture plates in DMEM with 
15-20 % foetal bovine serum (FBS). 

The cells were maintained in DMEM supplemented with 10% PBS. Prior to c^erimentation, 
celts were seeded at ^cells/well in a 96-weil plate in DMEM/10% FBS. After 4 hr cells 
were transferred to DMEM/0.5% FBS and incubated for 18hr prior to treatment for 48 hr 
with DMEM^ontaining either 0.5% or 10% FBS plus 0, 50, 200 or 500 ng/ml of recombinant 
E. «*/£derived human MIF protein. As a readout of cellular proliferation, total cellular ATP 
levels in each well were determined by addition of CellTiter Gto Reagent (Fromega) as 
described by the manufacturer. The resulting relative luminescent unit (RLU) values were 
measured using a Packard Lumi Count Microplate Luminometer. Total cellular ATP levels 
are directly proportional to viable cell numbers. 

Significant changes in total cellular ATP levels were determined by the demonstration of a 
significant P value (/>< 0.05) using an unpaired West. 



WO 2005/058304 



PCT/AU2004/001778 



23. 

Results 

Treatment of VSMC with 10% FBS induces a significant increase In total cellular ATP pool 
levels as determined by the increase in RLU value relative to 0.5% "FBS CFIgure 6) (P<0.001). 
Total cellular ATP levels are directly proportional to viable cell numbers and the above result 
5 therefore shows that the viability and proliferation of VSMC is enhanced by 10% FBS. 

The addition of 50 and 200 ng/ml of MIF protein in the presence of 10% FBS resulted in a 
further significant increase in total cellular ATP levels (Figure 7) (F<0 .05). These data are 
therefore consistent with a role for MIF in the survival and proliferation of VSMC* . 

Example 2(b) 

10 Detection of MIF protein in vascular smooth muscle cell lysates and conditioned media 

To ensure the presence of MIF in the experimental conditions in which MIF antagonist 
compounds were tested, MIF concentration was measured in culture supernatant** and cell 
lysates of murine vascular smooth muscle cells (VSMC). 

Methods 

1 5 Semi-confluent cultures of VSMC in 10 cm plates were cultured for 72 hr with DMEM 

containing either 10% or 0.5% fetal bovine serum (FBS), The resulting conditioned medium 
was then collected for analysis of MTF protein levels by enzyme-linked immunosorbent assay 
(ELISA) using antibodies from R&D Systems (Minneapolis, USA) according to the 
manufacturer's instructions. Ine VSMC incubated in the presence 10% FBS were also 

20 directly lysed in buffer containing 20 mM Hepcs, pH 7.2, 23 mM MgCl* 0.1 mM EDTA, 20 
mM beta-glyccrophophosphate, 100 mM NaCl, 0.05% Triton X100, 0.5 mM DTT, 20 ug/ml 
leupeptin, 100 ug/ml PMSF and 20 ug/ml aprotinin. The cell lysates were then assayed for 
MTF protein by ELISA. . 

Results 

25 The conditioned media resulting from culture with the VMSC contains detectable levels of 

MIF, which are highest in the cells cultured in 10% FBS. Significant levels of MIF protein was 
also detected in the VSMC cellular lysates. These results demonstrate corAstirutive 
production and release of MIF by cultured VSMC (see Figure 8). 
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Inhibition of mouse vascular smooth muscle cell proliferation by compounds. 
Methods 

The effects of compound treatment on mouse vascular smooth muscle cell (VSMQ survival 
and proliferation were tested. These cells were seeded at 10 3 cells/well in a %-well plate in 
DMEM/10% FBS; After 4 hr cells were transferred to DMEM/0.5% FBS and incubated for 
18hr prior to treatment for 48 hr with DMEM-containing either 0.5% FBS or 10% FBS plus a 
MTF inhibitor of the invention at a concentration of 0.1, 1, 10 or 100 uM. Total cellular ATP 
levels in each well were determined by addition of Cellliter-ao Reagent (Fromega) as 
described by the irranufactuter. The resulting relative RLU values were measured using a 
Packard Lumi Count Microplatc Luminometer. For each compound the maximal inhibition 
of total cellular ATP levels was expressed as a percent inhibition of the difference between 
the values determined for 10% FBS versus 0,5% FBS (sec Tabic 2). 

Significant changes in total cellular ATP levels were determined by the demonstration of a 
significant P value using an unpaired t-test. 

Results 

Treatment with compound pentyl 2-Oxo-2,3-clihydro~lH-l,3-b 

when used in the method above, significandy inhibited V5MC survival and proliferation (F 
< 0.001), as shown in Table 2 and Figure 9. This effect approached the effect of culturing cells 
in 0.5% FBS, as shown. These effects of pentyl 2K>xo-2,3-dihy dixj-m-l^-benzimidazole-S- 
carboxylate arc therefore consistent with a significant inhibitian of VSMC proliferation. 

Treatment with compound 2-oxo-N-pentyl-2>d^ydro-lH-13-benzim1dazole-5< 
sulfonamide when used in the method above, sigriificantly inhibited vascular smooth muscle 
survival and proliferation (P < "0.001), as shown in Table 2 and Figure 10. This effect 
exceeded the effect of culturing cells in 0,5% FBS, as shown. These effects of 2-oxo-N L pentyl- 
2,3-dihydro-m-i;34?enzim^^ are therefore consistent with a significant 

inhibition' of vascular smooth muscle cell proliferation. 

Treatment with the following compounds, 6-hydroxy-5-nirro-2-naphthoic acid, 4-oxo-4-(2- 
oxo-2;*-dihydio-lH-l^l^ acid, 4-{[(2^xo-2^dihydro-lH-indol-5- 

yl)sulfonyl]amino}butanok acid, e^-dmethoxy^-naphthoic acid, 2-oxo-^-dihydro-lH-l^- 
bemairddazolc-5-carboxylic add, 6-oxc^6-<2-oxo-23-dihyo^^ 

acid, 4-{[(2-oxo-2,3-dihydro-lH-bcaiziinida^ acid, and 1- 
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methyl-2^xc>2;3^ih^^ acid also induced inhibition of the 

survival and proliferation of the vascular smooth muscle cells (see Table 2). These data are 
consistent with these compounds exerting inhibitory effects on vascular smooth muscle cell 
proliferation by inhibition of MIR 

Table 2 - Inhibition of VSMC proliferation by MJF antagonist compounds 



^fUDipWUlll 


To I n ni piuoii - 

of VSMC 
proliferation 
relative to 
low serum* 


i*ompounu 
Concentrati on 
<uM> 


2-oxo-N-pentyV2 y 3-dmydro--lH-l,3- 
benziinidazole-5-9u1fonamide 


132.6 


100 


pentyl 2-oxo-2 / 3-dihydro-lH--l r 3- 
berizimidazole-5-carboxylatc 


33.8 


100 


6-hydroxy-5-nitro-2-naphthoic acid 


45.9 


100 


4-OXO-4-(2-oxo-2,3-dihydro-lH-l,3- 
benzimidazol-5-yl)butanoic acid 


37.8 


10 


6 / 7~dimethoxy-2-naphthoic acid 


30.0 


100 


2-oxo-2,3-dihydro-lIi-l / 3- 
rxm2!Mnidazole-5-carboxylic acid 


30.0 


1 


6-oxo-6-(2-oxo-2,3-dihy dro-1 H- 
•bcnzimidazol-5-yl)hexanoic acid 


195 


0.1 


[(2-oxO-2^-dihydro-l H-bcnzimid azol- 
5-yl)sulfonyllamino)butanoic acid 


17.7 


100 


l-memyl-2-oxo-2 J 3-dihydro-lH- 
ben2iinidazoie-5-carboxyIic acid 


12.9 


100 



* mean of 1-3 experiments, each performed in triplicate. 
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EXAMPJLE3 

Loading and Release of Compounds from Stents 

The following procedures were/used to investigate the loading and release of compounds 
from Bio j//b Ysio 71 * phosphoxyleholine coated stainless steel, coronary stents made by 
Biocompatibles Ltd, 

Compounds Used 



Ha 



2^xo-2,3Kiihydro-lIM (1) 




4-oxo^(2-oxo-2£-dihydro-lH-13-^ acid (2) 




pexityl 2-oxo-23-dihy dro-1 H-13-ben2miidazote-5-carboxylate (3) 
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2^o-N~pentyl-2^-dihydro-lH^ (4) 



O 




6,7-dimethoxy-2-naphthoic acid (6) 
Compound Loading 

10 Solutions of the compounds were made in either A^dimethylfomiamide (DMF) or 

methanol as shown in Table 1. A phosphorylcholine coated stent was immersed in each 
solution for 5 minutes then withdrawn and allowed to dry (DMF was removed by 
evaporation under high vacuum). Additional compound was loaded onto each stent by 
applying a 10 yl drop of the appropriate solution to the stent and retrying* This additional 

15 loading was performed twice for each of the stents. 
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Table 3 



Compound 


Solution cone 
(mg/ml) 


Solvent 


Nominal Stent 
Length 

(mm) 


Nominal Stent 
Diameter 

(ram) 


1 


11 


DMF 


11 


3.0 


2 


22 


DMF 


11 


3.0 


3 


6.7 


methanol 


28 


3.5 


4 


6.7 


methanol 


28 


3,5 


5 


5.2 


methanol 


18 


3.0 


6 


5-5 


methanol 


18 


3.0 



5 Compound Release 

Each dried phosphorylcholine coated stents was totally immersed in an accurately known 
volume of phosphate-buffered saline solution (FBS-26.96 g/L NazHFCfc 156 g/L NaHiFCk 
8.5 g/L NaCl-pH 7,2) of between 2-3 nil. (see Table 4), which was agitated by a small 
magnetic stirring bar at room temperature. An aliquot of the solution was taken at regular 
10 intervals and its absorbance at an appropriate wavelength (A^ax) for the compound was 
measured before being returned to the flask containing the stent. 
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Table 4 



Conttpotm d 


PBS volume (ml) 


monitored 


vstva release (muu 


i 




275 nm 


24 


2 


2.0 


330 nm 


35 


3 


2.8 


266 nm 


91 


4 


3.0 


287 nm 


94 


5 


3.0 


435 nm 


13 


6 


3.0 


286 nm 


5 



Standard curved of compound concentration versus absorbance were prepared for each 
compound using PBS as a reference,, allowing the concentration of the compounds at the 
different time-points to be determined. Multiplication of the concentration in ug/ml by the 
5 PBS volume in ml gives the total mass in ug of compound released at that time-point Mass 
release profiles, Figures 11 and 12 for compounds 3 and 4 respectively, were generated by 
plotting the mass released versus time. The time required to release 95% of the loaded mass 
is given in Table 4 for each compound. 

Conclusion 

10 Examination of the mass release profiles for compounds 1-6 show that between 100 and 245 
ug.of material was able to be loaded onto the stent successfully, then released itdo phosphate 
. buffered saline over a 15-200 minute time period. 

Throughout this specification the word "comprise", or variations such as "comprises" or 
"comprising", wiU be understood to imply the inclusion of a stated element, integer or step, 
15 or group of elements, integers or steps, but not the exclusion of any other element, integer or 
step, or group of elements, integers or steps. 

All publications mentioned in this specification are herein incorporated by reference. Any 
discussion of documents, acts, materials, devices, articles or the like which has been included 
in the present specification is solely for the purpose of providing a context for die present 
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invention, It isnottobe taken as an admission that any or all of these matters form part of 
the prior art base or were common general knowledge in the field relevant to the present 
invention as it existed in Atistralie or elsewhere before the priority date of each claim of this 
application. 

It will be appreciated by persons skilled in the art that numerous variations and/or 
modifications may be made to the invention as shown in the specific embodiments without 
departing from the spirit or scope of die invention as broadly described. The present 
embodiments are, therefore, to be considered in all respects as illustrative and not restrictive. 
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CLAIMS 

1. An implantable device comprising: 

(i) a reservoir containing at least one MIP inhibitor; and 

(ii) means to release or ulute the inhibitor from the reservoir 

5. 2. A method for inhibiting the cytoldne or biologkal activity of MIF in a subject 
comprising the step of implanting a device according to claim 1* 

3. A method according to claim 2 wherein the method is few inhibiting the cytokine or 
biological activity of MTF in a local region of the subject and the device is implanted 
within or proximate to the local region of the subject, 

10 4. A method of treating, preventing or diagnosing a disease or condition wherein MIF 
cytokine activity is implicated comprising the step of implanting a device according 
to claim 1 in a subject in need thereof. 

5. A method according to claim 4 wherein the disease or condition is confined to a local 
region of the subject and the device is implanted within or proximate to the local 

15 region- 

6. A method according to claim 4 wherein the disease or condition is a systemic disease 
or condition. 

7. An angioplasty stent operably coated with a prophylactically effective dose of a 
composition comprising at least one MTF inhibitor, 

20 8. , A method for inhibiting the onset of restenosis in a subject undergoing angioplasty, 
which comprises topically administering a stent according to claim 7 to the subject at 
around the time of the angioplasty. 

9. A method of inhibiting vascular smooth muscle proliferation in a subject which 
comprises topically administering a stent according to claim 7 to the subject 

25 10. A method of reducing the severity of stent restenosis in the vicinity of a stent 
comprising the use of a stent according to claim 7. 
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11 . A device according to claim 1 or a stent according to claim 7 wherein the MIF 
inhibitor is a compound of the general formula (I) or (II), or a pharmaceutical^ 
acceptable salt or prodrug thereof: 




wherein 

X is selected from -O, -S> -C(R g )(Rg.)- or -N(R<3)- and preferably comprises a hydrogen 
bond donor or acceptor; 

10 Y is selected from -JM(R 7 K -O-, -S- or -<2(R 7 ) 2 -; 

Z is selected from -C(OK -C(S)-, -C^NR^K -S(0)- or -S(0)z-; 

Ri is selected from hydrogen, Qjalkyl, (CR s H?)nOR 7 , (CRJRs^SRy, (CR^^Mf^eh 
and (CRsRaOtJialo; 

R 2 is selected from C 1 <h#Iky% CVCwalhcnyl, C^soalkynyl, (CRnR^^CiO)^ 
15 (CR 12 R 12 0mC(S)R«, (CR u R^) m S(0)R«, {CR l2 R^)mS(0)2R«, (CRi 2 Ri*) m OR», 

(CRi2Rn)x«!5R9, (OfcizRirUSIRioRti, (CRi2Riy)mC(=NR 2 4)R22 and (CR 12 Ri 2 )mRi3; 

R3 is selected from hydrogen, Q-Cjalkyl, (CRioRi^NRmRis, (CRi«Ri6') p ORi 7 , 
(CR 16 R 16 .) p SRi7, (CR 16 R 16 )phalo, (CR^i^^NQz, (CRitjRioOnCtORafl, 
(CRiftRi^n^NR^JKzz, (CRi,JRi60nS(O)R 17/ (CRj^^OfcRir, {CRi^)rS(0)^i? and 
20 (GR 16 Ri<i')pC(Ri8)3; 



R4 is selected from hydrogen, halogen Ci-CsalkyL C 2 .aalkenyl, Cz^alkynyl and 
(CRnRi^nCCRts)^ 
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Each Rs and Rjr is independently selected from hydrogen, Q-QaTkyl, halo, OR 7 , &R7 
andN(R*fe; 

Each R<> is independently selected from hydrogen, Q-Qalkyl and OR 7 ; 

Each R 7 is independently selected from hydrogen and Q-Qalkyl; 

K 8 is selected from hydrogen, C r C^lkyl, Cr^ajalkenyl, Cr<^teynyl, ORu>, 5Ri 9/ 
N(R2ii)2, fNH-OH(R 2 i)-C(0)J^OR29/ [sugar] q and (CR u Rn)JR td ; 

R* is selected from hydrogen, Ci-Cmalkyl, Cz-Caoalkcnyl, Ci^alkynyt, (CR^Ri^R™, 
C(0)Rz> CQ2R23, C(S)R23, C(S)OR*„ S(0)R23, SCOfcKaa, fC(0)CH(R2i)NHJq- R 23 and 
[sugar],,; 

R l0 and R n are independently selected from hydrogen, Q-Caalkyl, C 2 -C 2 oalkenyl, 
C^C^alkynyl, {CRiaRuOmRi*, C(0)l^u C(S)R2a, S(0)R*v 3(0)^23, 
[C(0)CH(Rai)NH] H -R23/ -[sugar] q and NHC^NR^-NHa; 

Each R^ and R 12 is independently selected from hydrogen, Ci-C 6 aHcyl, CrCeall^enyl, 
Ci-Qalkynyl, OR 2 4, SRu, halo, N(Rai)a, CQJRvi, CN, NOz, aryl or heterocyclyl; 

Ri3 is selected from OR23, SR25, halo, NOMa, C(0)Kai, CN, C(Rts>3, aryl or 
heterocyclyl; 

Rt4 and R15 are independently selected from hydrogen, Q-Qallcyl, OR^, 
(CRi6Ri6'X>C(Ri 

Each R i6 and Rv is independendy selected from hydrogen, CK^alkyl* halo, OR17, 
SRi7andIM(R 17 )2; 

Each R17 is independently selected from hydrogen and d-Caalkyl; 

Each Ris is independently selected from hydrogen and halo; 

Ri!> and each Rao are independently selected from hydrogen, Ci-C2oalkyi, Qr 
Caoalkenyl, Cr<^oalkynyl, (CRzR&) t R 27 ; 

R21 is the characterising group of an amino acid; 

Rk is selected from C^-Qalkyl, NH* NH(C t -#lkyl), N(C t ^lkylh, OR& or SR W ; 
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R23 is selected from hydrogen, Q-Cajnlkyl, Cs^nalkenyl, Ci^alkynyl, aryl 

Each R24 independently selected from hydrogen and Ci-Qalkyl; 

Bach R25 is independently selected from hydrogen, Q-Qalkyt CtaalkoxyQ^lkyl, 
aryl and hcterocyclyl; 

Each Raj and R2& is independendy selected from hydrogen, d-Qalkyl, CrCealkenyl, 
C 2 <^al1<ynyl, OR29, SR 2? , halo, N(R»)2, CO2R29/ CN, NQa, aryl and heterocyclyl; 

R27 id selected from hydrogen, OR*,, SK30, halo, N^Rk,)* COfeRso, aryl and heterocyclyl; 

R2B is selected from hydrogen, Ci^alkyl, OR&, SR& or N(R M )2; 

Each R29 is independently selected from hydrogen and Ci-Qalkyl; 

Each R30 is independently selected from hydrogen, d-CaaTkyl, aryl and heterocyclyl; 

is selected from O nalkyL OH, C^alkoxy, aryl, aryloxy, heterocyclyl and 
heterocyclyloxy; 

n is 0 or an integer from 1 to 3; 

m is 0 or an integer from 1 to 20; 

p is 0 or an integer from 1 to 6; 

q is an integer from 1 to 5; 

t is an integer from 1 to 10; 

wherein alkyl, alkenyl, alkynyi, aryl arid heterocyctyl may be optionally substituted; 
and 



WO 2005/058304 



PCT/AU2004/001778 




n 



wherein 

Yi3 0 / NR9orS(0) q , 

Ri ia selected from hydrogen, Q^alkyl^ -(CRioRio^halo, -(CRioRi<r) n ORii, 
-(CRiuRirfn-SRu, -(CR 10 Riir) T1 -N(R 1 2)2, -(CRxoRioOnSCO^i, -(CRujRi^nS^Rn, 
-(CRi 0 Rio)n-S(0)aRii, -(CRioRiD>nC(0)Ri3, -(CR 10 Ri 0 ')n-<;{=NRM)Ris "«r - 
(CRioRio)nRifi; 

Ra is selected from hydrogen, Q^alkyly C 2 -2i>£dkenyl, C^-aoalkynyl, - 
(C^R^OR^, ^C^i^o^R^/KCRioRirfmNRiHRw, -(CR 10 Rw)rpS(O)R^ - 
(CRutRto-WSCO)^/ -(CRuRo-JmC^Rau, -(CR, 0 Rn)) m C(S)R 20 , - 
(CRiDRiirJ^C^NR^R^ or -(CRioRicrJmRie; 

Ra, R4 and R5 are independently selected from hydrogen, Cvsalkyl, - 
(CRioRio^Ri^a, ^QURufctfRi* -(CRuiR^jSRw or -(CR, 0 Ri ff )nhalo; 

R6 is selected from hydrogen, C t ^ky\ -C(0)C,-6alkyl, -QO)N(R*) 2 -, - 
C(S)N(R^)2- or -(CRiaRio Wiy or K*Y and together may form -X-(CHd r Z-, 
where X and Z may be independently selected from O, S or NR l4 ; 

R 7 and Rs are independendy selected from hydrogen, Q^alkyl, C^alkenyl, 
C^aalkynyl or -(CRioRio')« R 22; 

Each R* is independently selected from hydrogen or Ci^alkyl; 

Each Rio and Rkt is independendy selected from hydrogen, Q^alkyl, C 2 - 
ealkenyl, Ca^alkynyl, halogen, OR lv SR n , C^alkoxy, CQ2R14, N(R U )2, CN,. 
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NO^ aryl or heteracyclyt; 
Rn Is hydrogen or Q^alkyl; 

Bach Ri2 is independently selected from hydrogen, C^alkyl, C(=NR u )Ris, 
NH-C(=NR 14 )R 15 , C(0)R 14 or C(S)Ru; 

5 R 13 is hydrogen, Caalkyl, ORi v SRi* or N(Ri 4 j^ 

Each R„ Is independently selected from hydrogen or Q^alkyl; 

Ri* i» Ci «alkyl/ NH^ NH(C^Ikyl) or N^^alkyl)^ OR^ or SR^- 

R l6 is hydroxy, C w aIkoxy, SH, Sd^alkyl, halo, QOJR^ C(Ra 4 )a, CN, aryl or 
heterocyclyl; 

10 Ri7 is ^ctcxi from hydrogen 

(CRzsR^)^ 0(0^ CC^R**, C(S)R Z5 , C(S)ORzs, ^OJR^, SfO)^, 
IC(0)CH(R 2tf )NH] r -R 23 or [sugar] r ; 

R 1K and R iy are independently selected from hydrogen, Q.^alkyl, C 2 . 
^alkenyl, Q^tkynyl, (CR^)^, C(0)R^ QSJR^ SfOjRss, SP)^, 
15 IQOJOTtR^NHt-R^ [sugar],, C(=NR23)NH 2 or N±1^2(=NR»)NH 2 ; 

1^ is selected from hydrogen 

SRas, N(Ra8)2, [JMH-CrlRa^CCOJJrOR^ [sugar],, or <CR*R W ),R 27 ; 
Ra is ORm, SRafi, halo or NCRzs)^ 

R22 is halo, CChH, SQ,H, NQzy NH*, COsC w alkyl, SObQ^alkyl or C(R 24 ) 3 ; 

20 Kg* is hydrogen or Q^alkyl; 

Bach R24 is independently selected from hydrogen, CI or F; 

Each Rzs Is Independently selected from hydrogen, C^aUsy!, C 2 -2oalkenyl, 
C 2r2 oaIkynyl / aryl or (CRasR^)^; 

Each R^ and is independently selected from hydrogen, Q^alkyl, C 2 . 
25 ealkenyl, Cz.aaltcynyl, halogen, hydroxy, C^alkoxy, SH, Q^lkyllhio, CO2H, 

C0 2 C w alkyl, NH2, NH(C,.#ukyl), NCC^alkyl)*, CN, NO* aryl or hetexoaryl; 
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15 



12. 



38, 

Rz? is hydroxy, Q^alkoxy, SH, SCi^dkyl/ halo, NH(Ci-^all^l), N(C,_ 
aalkyl^ C(0)R»u aryl or heterocyclyl; 

Each Raa id independently selected from hydrogen, Q.2oalkyl, C^alkenyl. 
C2.2palkynyl or (C^^^iJW 

Ra9 is the characterising group of an amino acid; 

-Rao is halogen, hydroxy, Ci^alkoxy, NH* NHCCt^alkyl), ^(Cv^lkylh, 
C(0)Rai, aryl or heterocyclyl; 

Ru is Q^alkyl, OH, Q^alkoxy, aryl, aryloxy, heterocyclyl or 
heterocyclyloxy; 

q is 0, 1, 2 or 3; 

n is 0,1, 2 or 3; 

misOor 1 to 20; 

risltoS; 

s is 1 to 10; and 

tie lor 2; 

wherein an alkyt, alkenyi, alkynyl, alkyloxy, aryl or heterocyclyl group may 
be optionally substituted one or more times. 

A device or stent according to claim 11 wherein the M1F inhibitor is selected from the 
group consisting of: 



20 
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Figure 1 
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Figure 2L 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 9 
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Figure 10 
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